INTRODUCTION
Alteration in a submarine remnant volcanic arc should leave an important record of (1) the mineralogy of sea water-volcanic arc rock interaction; (2) the chemistry of solid reaction products; (3) the isotopic characteristics of such reactions (Muehlenbachs and Clayton, 1972; Spooner, Beckinsale, et al , 1977; Spooner, Chapman, et al., 1977) ; (4) the metallogenesis within such a sequence (Mitchell and Bell, 1973) ; and (5) the geothermal gradient during the alteration. The volcaniclastic breccias, tuffs, and igneous units of Sites 448 (993 m) and 451 (930.5 m) on the Palau-Kyushu and West Mariana ridges, respectively, are particularly suited for such studies because the thick sequences have remained submarine throughout their history, seemingly unaffected by magmatic or hydrothermal events after cessation of volcanic activity. Also, shipboard observations indicated a change in alteration products with depth. At both sites the igneous units and volcaniclastic rocks were altered to brownish clays and zeolites near the top of the volcanic sequence; to bright blue green clays and zeolites at moderate depths; and to very dark, nearly opaque, forest green clays and zeolites at still greater depths. Native copper occurs both as disseminated pockets in the volcaniclastic breccias and vesicular basalts and as veins in the breccias; native copper is restricted to stratigraphic levels characterized by the absence of sulfides or oxides of copper and iron. Although some native copper is found in vesicles of basalts and may be orthomagmatic, most of it is clearly secondary. Near dikes and sills, higher sulfur fugacity conditions caused the precipitation of iron and copper sulfides with an absence of native copper (Garrels and Christ, 1965) . The occurrence of native copper may be an initial stage of Cu metallogenesis that forms porphyry coppers in island arcs (Mitchell and Bell, 1973) . This study will address primarily the possibility that hydrothermal sea water interaction with volcanic arc rocks has created the mineralogical and isotopic zonation in Leg 59 cores. Hydrothermal activity can be expected in a rapidly growing island arc and is probably the result of a high geothermal gradient prevalent during arc magmatic activity. The chemical character of the alteration is further discussed by Hajash (this volume).
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PROCEDURES
All zeolite identification was accomplished by powder camera diffraction, using 114.59-mm powder cameras with monochromatic CuK α radiation. Zeolite crystals, located under a binocular microscope, were either handpicked before grinding or crushed in situ. The powders were then mounted on a glass fiber with vaseline for powder camera diffraction. The methods for clay identification were those outlined by DiStefano (1978) , using a Philips X-ray diffractometer with CuK α radiation and a 1 ° 20 per minute scanning rate. Wholerock samples were disaggregated in a ball mill, then dispersed in a Na 2 CO 3 solution with a pH of 10. The 2-µm clay fraction was separated by a centrifuge and then rinsed three times with distilled water. Smear slides of untreated clays, Mg-saturated clays, and K-saturated clays were prepared for each clay sample. The Mg-saturated slide was allowed to equilibrate in an ethylene glycol atmosphere to test for expandable clay minerals. Diffractograms were subsequently obtained from the untreated and treated samples. In order to identify expandable clays and to distinguish the chlorite from the kaolinite peaks, two diffractograms were obtained for each smear slide-the first after all samples had been heated to 35O°C for one hour and the second after heating to 550°C for an additional hour.
Oxygen isotope studies on ground whole rock and untreated clay fractions were done by K. Muehlenbachs and R. Houghton, using the BrF 5 method (Clayton and Mayeda, 1963) . Atomic absorption spectrophotometric analyses for Cu were made on whole-rock samples of the igneous units and several volcaniclastic units.
RESULTS
Samples of volcaniclastic rocks and igneous units from Site 448 (Holes 448 and 448A) show extensive alteration of matrix material and phenocrysts to clays and the growth of zeolites and clays in vesicles, veins, and grain interstices (for details, see Petrographic Descriptions). Although all units show extensive alteration, the volcaniclastic breccias are by far the most altered. Only glass rims of pillow lavas near the top of the volcanic sequence are unaltered (Scott, this volume) . Tables 1 and  2 show preliminary results of mineralogical and isotopic studies. Phillipsite, a K-and Ca-rich zeolite, is the most abundant zeolite to depths of 584 meters and is present in all rock types. From 548 to 717 meters, this zeolite is still abundant in volcaniclastic breccias but competes with Fe-, Mg-, and Na-rich alteration products. At the deeper levels, basaltic flows contain no phillipsite. From 717 meters sub-bottom to the bottom of the hole, the Fe-, Mg-, and Na-rich alteration products-primarily nontronite, actinolite, natrolite, and a distinctive, new clay mineral-are abundant and occur in all rock types. This last clay, which occurs below 664 meters subbottom, is a smectite-vermiculite-chlorite (SVC) mixedlayer silicate that appears as a well-crystallized clay mineral; the only sample showing poor crystallinity is at CONCLUSIONS The nature and degree of alteration of the volcaniclastic breccias and flows recovered at Site 448 vary with depth, as evidenced by the alteration product mineralogy and the oxygen isotopic stratigraphy of the alteration products (Tables 1 and 2 ). These alteration products exhibit a chemical trend of K-and Ca-rich phases in the upper part of the cores, giving way to Fe-, Mg-, and Na-rich phases in the lower part. This trend is expected for the transition from ambient sea water or lowtemperature alteration at shallow depths to hydrothermal alteration at greater depths (Tomasson and Kristmannsdottir, 1972; Bischoff ancPDickson, 1975; Hajash, 1975; Scott and Hajash, 1976) . In an analogous core, in Hole 296 in the northern extension of the PalauKyushu Ridge, Donnelly (1975) reported finding phillipsite in the upper units of Hole 296, as in the upper section at Site 448; also, shipboard studies of Hole 296 reported a dark clay-serpentine alteration product in the lower units similar to that at Site 448 (Karig, Ingle, et al., 1975) . Other investigations reporting trends similar to those at Site 448 include the zeolite zonation in eastern Iceland by Walker (1960) and the hydrothermal facies of Burnham (1962) .
The occurrence of native copper veinlets and blebs indicates that copper and perhaps other metals have been affected by secondary distribution processes such as hydrothermal fluids. Analyses for Cu and major elements were routinely made by atomic absorption in order to study volcanic unit chemistry (Scott, this volume) , but only a few volcaniclastic breccias were analyzed, near the top of the section. Nevertheless, several observations are worth noting: The average of the thick, uppermost flow units (6-14) is 160 ppm Cu; of the lower volcanic units (16-43), 100 ppm; of intrusive units, 133; and of volcaniclastic breccias, 102 ppm Cu. These values are somewhat higher than those reported for arc tholeiites (Gill, 1970; Ewart and Bryan, 1972; Brown et al., 1977) but may be characteristic of this particular arc. The irregularities in copper abundance (Table 3 ) may be due to copper redistribution over large portions of the core rather than to locality- support an abnormally high geothermal gradient. We suggest that the silicates became isotopically fixed at the time of their formation, during the active arc portion of Palau-Kyushu evolution, when the geothermal gradient was high; only after inactivity during the remnant arc stage and return of the volcanic debris to a lower geothermal gradient did the carbonates become isotopically fixed. To be sure, this is only a suggestion, and much more detailed mineralogical, isotopic, and chemical work should be done on the cores from both Sites 448 and 451 (West Mariana Ridge) to identify the thermal state evolution and metallogenesis of arcs in their initial stages of evolution.
Plate 1. Photomicrographs and scanning electron microscope (SEM) photographs of altered volcaniclastic material. 
